





such as recirculation eddies around reefs and islands that increase material retention and
deflect water currents (Wolanski, 1994; Burgess et al., 2007; Figueiredo et al., 2013). Spatial
resolution should be well below 1 km in dense reef systems, which is unaffordable in
regional ocean models due to large computational cost induced. In this context,
unstructured-mesh ocean models, which can locally increase the resolution, are good
candidates to represent ocean circulation at reef scale as they allocate computational
resources only where they are most needed (Lambrechts et al., 2008; Thomas et al., 2014,
2015).

The time and location of the initiation of the SCTLD in the FRT, as identified by Precht et al.
(2016), coincide with the phase Ill of the expansion of the Port of Miami (POM), conducted
between November 2013 and March 2015. The dredging activities performed during the
expansion of the port are estimated to have killed > 560,000 corals within 0.5 km, with
impact extending over 5-10 km and sediment plumes covering up to 11 km? of coral area
(Barnes et al. 2015, Cunning et al. 2019). Considering the proximity of the
first-contaminated colonies to the POM and the large impact radius of the expansion
works, the causative agent of the SCTLD might have been transported to the
first-contaminated colonies within sediments resuspended by dredging operations. This
assumption may be assessed by modeling the transport of sediments from the dredge
sites. As in the case of backtracking, the impacted zone is then highlighted by sediment
distribution.

The objective of this study is to use virtual backtracking to identify the source of infectious
material driven by currents that might have initiated the SCTLD outbreak on the reefs
identified by Precht et al. (2016). These backtracking simulations are complemented with
sediment transport simulations in order to assess the effect of the dredging activities
conducted during the expansion of the POM. Finally results of both backward and forward
simulations are compared to identify possible zones of overlapping particle distributions.

MATERIAL AND METHODS

Hydrodynamic and particle-tracking models

Our goal is to identify sources of infectious material that could have been transported by
ocean currents on the first contaminated reefs. This requires an ocean model that provides
a realistic large-scale circulation while also resolving small-scale flow features down to the
scale of individual reefs. In this study, we use the unstructured-mesh depth-integrated
coastal ocean model SLIM' to simulate ocean currents over an area that includes the FRT
but also the Florida Strait and part of the Gulf of Mexico (Fig. 1). By using an unstructured
mesh, we can locally increase the model resolution hence concentrate computational

' https://www.slim-ocean.be
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Figure 1. Model computational mesh (a) and close-up views around the POM (b) with a snapshot of
the currents on September, 25 2014 at 00:00 near the Port of Miami (c). Reefs are shown in light
grey while the sites where Precht et al. (2016) first observed the SCTLD in 2014 are highlighted by
blue dots. The dredging operations conducted during the Port of Miami Phase Il expansion works
are indicated by red triangles (non-conventional operations) and dark khaki squares (conventional
operations).
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where C’ is the dimensionless Chézy coefficient for rough turbulent flow and M =6/,
is the ratio between the adimensional skin shear stress and the critical Shields parameter

(Soulsby, 1997). When mean currents are strong enough to erode seabed (M =1y,
sediments are suspended within the water column and transported by barotropic currents.
Otherwise, sediments are moved as bedload transport.
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Figure 2. An initial patch of particles is transported forward in time by following the current velocity
(shown in green), hence indicating where it will go. The same patch can be transported backward in
time by reversing the direction of the velocity, hence indicating where it came from. In both cases,
diffusion processes tend to spread out the patch and increase the uncertainty on the particles’
position.

RESULTS

Backtracking results for each type of current are shown in Fig. 3. Particles were
continuously “released” from the VK reef, starting on September 26, 2014 and the transport
model was run in reverse time until May the 1st, 2014. As a consequence of the northerly
flow of the Florida Currents, virtual particle mass concentrations are larger south of VK for
all three types of currents. Due to the effect of winds, surface currents are the only
transport mode that allows elements produced in Biscayne Bay to contaminate the sites
identified by Precht et al. (2016). Mean and bottom currents, on the other hand, are more
strongly impacted by the Florida Current, which prevents neutrally or negatively buoyant
contaminants produced in the bay to reach the monitoring sites of Precht et al. (2016) . The
Florida Current also prevents material from the offshore Dredging Material Deposition Site



to reach the reefs on the shelf, as Fig. 3 shows no virtual particle mass on the ODMDS for
all three types of currents.

VK's dependence zone, for the 3 types of current, intersects the region where dredging
operations were performed during our simulated period (Fig. 2). This indicates that all 3
transport modes might have allowed suspended particles produced by the expansion
works of the Port of Miami to reach the first contaminated reefs observed by Precht et al.
(2016). More specifically, the non-zero virtual particle mass concentrations at the locations
where non-conventional dredging activities were performed on 05/04/2014 and 05/05/2014
(red triangles) with mean currents suggest that neutrally buoyant elements produced
during these operations might have reached VK reef. Forward sediment simulations from
May, 4 to September, 26 2014 were therefore performed to estimate the propagation of
the pulverized rocks produced by rock-chopping. Although large particle concentrations are
observed on the reefs located north to the dredging sites, sediments were barely
transported southward (Fig. 4). Due to the impact of the Florida Current on local circulation,
southward currents are too weak to resuspend sediments in the water column. This leads
to sediment being almost exclusively transported north by the currents.

These sediment simulations were complemented by forward tracking of suspended
particles continuously released at the non-conventional dredging sites located inside the
dependence zone of the VK reef (see Fig. 3). Although the corresponding rock chopping
operations were performed outside our simulated period, forward particle tracking might
serve as a proxy to estimate whether dredging operations prior to May 2014 might have
impacted the VK reef. Fig. 5 shows that the boundary of the influence zone of the particles
released on the non-conventional dredging sites intersects the site of VK. This confirms the
results obtained by backtracking simulations in Fig. 3 and suggests that the site of VK might
have been reached by particles produced by the rock chopping sites, provided that they
are sufficiently fine to remain suspended most of the time inside the water.
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ftp://ftp.dep.state.fl.us/pub/ENV-PRMT/dade/issued
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